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The  problems  of  the  utilisation  of  microorganisms  for  Quantitative 
biochemical  analysis  have  been  briefly  covered  in  the  review  paper  by 
Paley  (19L0),  Rabotnova  (19b7),  Tyerusalimskiy  (19lj7),  Odintsova  (191*9), 
and  Mardanhev  (1990). 

Oir  naper  presents  -  more  complete  review  of  the  methods  for  determining 
amiroacids.  It  was  prepared  in  a  somewhat  diffeient  format  and  takes  into 
account  some  of  the  most  recent  literature  data  on  this  problem. 

One  or  th  bases  for  th**  development  of  methods  for  the  use  of  microbes 
as  test  reagents  for  various  organic  (and  inorganic)  compounds  encountered 
in  animal  orpanisms  are  the  investigations  by  Nentskiy  (1881)  and  other  of 
the  chemical  composition  or  microbes  And  by  Ushinskiy  (1893)  who  showed 
that  tv  culture  of  microbes,  ir  synthetic  media  is  possible.  Later,  the 
talented  Russian  scientists  Vinopradskiy  (18971  and,  particularly,  Omelyarskiy 
pointed  out  that  1^  was  possible  t^  um  microbes  as  chemical  reagents.  One 
of  the  papers  by  TV)elvars',1y  (lo?)j)  was  actually  titled  "Microorganisms  as 
Chemical  Rnaprf pts" .  ctill  later,  th®  contribution  by  Soviet  scientists  toward 
the  development  of  microbiological  methods  did  much  to  adapt  these  methods 
for  biochemical  i  "-ve^ti  gat:  ons. 

T'-iri  re  the  last  decade,  microbiological  methods  for  determining  amino- 
acids,  vitamins,  sH  ->t,her  compounds  encountered  ir  organisms  came  into  wide 
use  because  or  their  simplicity  ard  u"i versality  (simple  eouipment,  teeh- 
rioue  or  determination,  and  standard  reagents  for  al^  determ.i nations). 

A  good  thermostat  or  a  thermostat  room,  autoclave;  burets  and  microburet#, 
renhelometer ,  aralvt'cal  nlarce,  ordinary  laboratory  were  (including  a 
sufficient  number  of  standard-type  test  tubes),  and  reagents  is  essentially 
all  that  is  reouired  to  perform  a  microbiological  quantitative  analvsls. 

All  this  i*  available  to  ary  laboratory.  In  addition,  it  is  possible,  in 
most  cases,  t^  dispense  with  the  nephelometer. 

A  shortcoming  of  this  met-.ori  is  the  requirement  of  presently  still 
critical  reagents  for  the  synthetic  media  which  are  usually  of  complex 
composition.  As  we  shall  see  below,  our  own  scientists  were,  in  various 
instances,  successful  in  overcoming  this  basic  difficulty  by  developing 
methods  which  utilise  media  of  more  simple  compo:,itior.  The  laboriousness 
of  th®  method  is  another  of  its  shorcomings.  Ip  addition,  for  an  accuracy  of 
the  order  of  9-10  percent,  which  is  quite  satisfactory  for  ordinary  bio¬ 
chemical  analyses,  and  for  a  high  sensitivity,  which  would  permit  the 
analysis  or  very  smally  samples  (for  thp  determiratior  of  amiroacid  com¬ 
position,  e.g.,  ?0-70  mg.  of  protein  are  reouired),  the  microbiological 
method  carrot  yet  compete,  ir  this  respect,  <*ith  sclera!  othe*'  methods  of 
biochemical  analysis  having  an  accuracy  of  up  to  1  pement  (an  sometimes 
even  fractions  of  a  percent). 
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However,  the  sensiti vitv,  the  simplicity  of  the  procedures,  and  their  uniformity 
are  factors  which  rather  favor  the  use  of  microbiological  methods  in  biochemical 
investigations. 

The  specificity  of  microbiological  methods  still  has  certain  limitations. 
Thus,  for  example,  it  was  shown  by  Meysel  (1990)  that,  on  the  basis  of 
thiamin  (vitamin  Bj),  all  microbes  can  be  classified  into  five  erouns,  of 
which  same  exhibit  a  growth  reaction  for  the  pyrimidine  or  thiazole  portion 
of  the  molecule  of  vitamin  Bl  or  for  both  portions  of  the  molecule,  but 
•re  not  linked  in  the  sane  manner  as  in  the  thiamine  molecule.  It.  is  wi-ll 
known  that  the  vitamin  activity  of  these  related  compounds,  with  respect 
to  higher  animals  and  humans,  is  not  the  same;  this  should  be  taken  into 
account  in  order  to  avoid  erroneous  results. 

Shult2  and  others  <  1  ? )  proposed  to  eliminate  a  possible  source  of 

error  by  conducting  a  parallel,  blank  sulfite  experiment.  In  this  manner, 
bv  eliminating  the  influence  of  the  thiamine  alone  on  the  growth  reaction, 
it  is  possible  to  obtain,  by  dif  'erence,  the  figure  corresponding  to  the 
content  of  the  actual  vitamin 

Some  analogs  o'  riboflavin  can  ^e  used  substitutes  for  it,  in 
determining  the  irfluerce  on  the  growth  reaction  of  laetobacili i  (lAmboov, 

7991>. 

Tryptophane,  anthrarllle  acid,  and  oose1ble  "predecessors"  of 
nicotinic  acid  car  be  used  as  a  substitute  for  this  vitamin  in  feeding 
certain  microbes  (Davis  and  others,  1991). 

Some  strains  of  bacteria  can  synthesize  biotin  on  the  basis  of  pimelic 
acid;  this  should  be  taken  into  account  when  they  are  utilized  for  the 
microbiological  determination  of  biotin  (Du  Vigneaud  and  other,  I9h?; 

Melville,  19Uh).  According  t  Me;  sel  (1950),  some  microorganisms  require  a 
complete  molecule  of  pantothenic  acid,  while  other  are  content  with 
beta-alanine.  In  feeding  Streptococcus  faecalis,  pyridoxine  (and 
probably  pyridoxamine)  can  be  replacsd  with  alanine,  provided  the  latter 
is  flirniahed  in  considerable  amounts  (Snell  and  Ouirard,  19U3;  see  also 
Holden  and  other,  19U9).  According  to  Richer  (19h9)  and  Kiditschek 
and  other  ( 19U9 )  reducing  substances  can  replace  vitamin  in  feeding 
lactobacilli.  According  to  Koft  and  others  (l°50),  the  decomposition 
products  of  folic  acid  produce  a  more  active  growth  reaction  of  microbes 
than  pure  folic  acid.  These  data,  however,  renuire  verification. 

It  was  established  by  Meysel  (19lj?)  that,  in  the  case  of  many 
microbes,  portions  o'  the  cleaved  vitamins  separate  out  into  the  outer 
medium  rot  orlr  a«  a  result  of  the  exchange  of  lower  (and  higher) 
oreanlrms  but  also  in  the  decomposition  of  cells  an'4  tissues,  According 
to  *evsel  (10901,  many  mi croorgani sms  adjusted  i-hemsslves  to  the  use  o' 
such  fragments. 

These  factors,  o'  course,  influence  the  soaclficitv  of  the  microbiolog¬ 
ical  methods,  together  v' th  the  well-known  capacity  of  microbes  to 
synthesise,  under  definite  conditions,  one  or  another  "growth  substance" 
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which  they  ire  called  upon  to  determine ,  Tn  addition,  the  requirement, 
by  a  microbe  for  definite  components  of  the  feedinp  medium  can  vary, 
depending  on  their  quantitative  proportions  or  on  the  presence  of  other 
substances;  this  was  established  by  Meinke  and  Holland  (19^8,  19U9)  in 
the  case  of  the  aminoacids  serine  and  threonine  and  by  the  same  author*- 
(1Q$0)  in  the  case  of  calcium  ions.  Finally,  the  growth  of  the  microbe 
can  be  influenced  by  various,  as  yet  incompletely  investigated,  substances, 
the  action  of  which  can  retard  or  activate  this  growth  (Iyerusalimskiy,  19U7; 
see  also  Eme-y  and  other,  19^0). 

Tn  a  paper  by  Mardashev  (1*5^0),  the  outlook  for  the  use  of 
ml crobi olori cal  methods  for  biological  materials  (proteirs),  without  prior 
hydrolysis,  is  r other  alluring. 

The  nroble"-  of  the  nnslble  application  of  microbiological  determinations 
for  such  biological  materials,  such  as  animal  ard  Dlant.  tissues,  blood 
nlasma,  urioe,  etc,  Is  or  special  ^terest.  One  cannot  disarree  with 
Mardashev  (Iddnl  who  warred  sp-’inst  the  uncritical  attitude,  widespread 
amo^r  Ameri car  investigators,  regard i.rp  the  u-e  o  microbiological  methods 
fn*-  e-tch  nurno'1'-®.  Tt  is  sufficient  to  rote  t.he  results  or  the 
investigations  by  WilMam*  and  ’'l^ger  (lOlt^),  later  confirmed  indirectly 
by  Axelrod  and  others  (19lj8)  and  by  Tr  rer  (19hp),  which  point  out  the 
sti-milat* nr  influence  of  fats  and  fatty  acids  or  the  growth  of  microbes 
(used  for  the  determination  of  biotin).  This  nroblem,  however,  reauires 
further  exariration,  since  the  e  are  contrad jc' ions  in  the  instructions  of 
the  American  authors.  As  an  illustration,  we  wish  to  point  out  the  data 
by  Tomarelli  and  others  (1950)  regardirp  the  retarding  influence  of  fatty 
acids  on  the  prowth  of  certain  lactobaci Hi .  Meysel  (1950)  shows  that  it  is 
possible,  in  some  instances,  to  reolac*  para-aminobemoic  acid  with  pnrines 
and  aminoacids  (methionine).  Tt  is  sufficient  to  cite  the  data  by  Hodson 
(19U9)  regarding  the  Doasible  reolacement  of  folic  acid  with 
desoxyriborrucieoinic  acid  f~r  some  indicator  microorganisms  and,  finally 
the  data  by  Light  ana  Clarke  (191j3)  and  Stokes  and  Martin  (19U3)  regarding 
the  influence  of  different  concentrations  of  glucose  on  the  growth  of 
indicator  microorganisms,  in  order  to  become  convinced  of  the  existence 
of  various  po-sibl®  source-'  of  errors  ir  the  application  of  microbiological 
method®  for  determUv?r.p  the  above  named  (and  other)  substances  in  biological 
material.  Therefore,  th*  methods  or  mvixurlrr  biological  liouids  and 
tissues  for  analysis  with  ai  -*  of  mi rroorpari sms  reouire  extra  care  for 
the  eliminaHon  of  the  lnterfe-irc  influence  of  these  substances. 

Microbiologists  a-e  well  aware  or  th  fact  that  th  growth  reaction 
dcy»s  rot  always  reflect  ro*rletely  the  reouirement  by  th"  microbe  culture 
ror  one  or  arotber  vltam’r  (see  TyerusalimsViy  and  Nerorova,  1QL6;  Meysel, 


The  specificity  of  the  H crobiolomical  methods  appear  ircomplete 
iecause  the  vitamin  can  be  present  in  the  biological  material  ir  the  form 
of  compounds  with  eroteios  or  other  substances  ard,  in  such  a  form,  canrot 
influence  the  growth  of  the  microbes.  Accordi-r  to  BurkhoHer  and  ot.he"S 
(ldlih)t>  more  than  half  of  the  vitami*-  in  some  food  products  is  found  in  a 
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combined  form.  Tn  such  instances,  in  order  fc  make  the  test  substance 
available  for  thr  ‘ction  of  microbes,  it  is  first  necessary  to  liberate  it 
by  preliminary  hydrolysis  (including  enzymatic  hydrolvslsl. 

•The  presence  of  combined  ascorbic  acid  in  tissues  war  conclusively 

shown  by  the  investigations  of  Ool 'dsheyeyn  and  others  (1°I.|T,  IQ^Oa 

l«<Ob),  Mashbit.s  (l0!^),  and  Sumtsnva  (l^r). 

The  fact  or  stereochemcial  "discrimination'’  by  mlcro-ran*  sms  is  also 
a  well  known  fact,  For  eramn'e,  ordinarily,  microbes  use  orly  1-ami roaclds. 

Tet  according  t,n  St-eel  anJ  others  (19ltV',  there  are  also  such  cultures  of 
microbes  which  do  not  differentiate  betwe1  n  the  d-  and  1-forms  of 
amlnoaelds.  iithouch  the  latter  case  is  still  only  one  example  or  the 
non-sneci fi city  or  microbe  rct1on,  still,  Fardashev  (1^50)  points  out 
correctlv  that,  in  microbiological  determinations,  this  difficulty  car 
be  avoided  by  using  twoaieh  cultures  of  microbes,  of  whi  -h  one  is 
strictly  specific  for  the  determinate  on  or  s  definite  optical  antinode 
( levorotatory  form),  while  the  other  uses  both  forms  (levo-  and 
dextrorotatory)*  Tn  this  manner,  it  is  possible  to  determine  the  content 
of  both  ontlcal  artirode^  (Dunn  and  others,  1^7 ). 

Tn  order  to  famuli ari-’e  the  reader  with  the  different  stapes  o1'  a 
mlcrobiologi cal  method,  we  will  describe,  as  an  example,  the  well  known 
method  for  the  determination  of  g lvcocoll  (glycine^  in  proteins.  Three 
ml.  of  10  percent  fTl  i«  ad-^ed  to  30-U0  me.  of  n*otein  in  a  15-ml. 
mroule.  the  amnoule  Is  sealed,  sealed,  and  hydrolvsis  is  cnrrled  out  for  5  hrs. 
at  110eC.  After  coolimp,  the  hydrolsate  is  trar-fer-’ed  ouantitattvely 
W,o  a  volumetric  flask,  water  ir  ad-^ed  to  t.he  mark,  and  the  flask 

is  vent  (u-de"  a  layer  of  toluene)  ir  a  ref>’ cer-V or.  Tn  order  to  moke 
a  determination,  an  aliouot  portion  of  the  hydrolysate  is  tranferred 
into  another  ,  voTumetrie  flask;  at  first,  5  N  caustic  soda  ir  ad-’ed 

and  then  0,0<  N  cau«Mc  so^a  until  a  pH  of  •  ,P  is  reached,  after  which, 
water  is  added  to  the  mark, 

First,  a  complete  syrthetic  medium  (not  excluding  glycine)  is 
prepared  in  accordance  with  the  table,  in  order  to  adapt  the  culture  of 
microbes  to  this  medium.  The  determination  is  carried  with  the  aid 
of  Leueonostoc  mesenteroides  P*bO,  the  daily  agar  culture  o‘‘  whi  <1  i.-, 
adapted  with  hours  to  the  syrthetic  medium  of  the  same  comrositi >n 
as  that  used  (later)  in  the  experiment.  After  a  day,  the  culture  o'-  bacteria 
is  centrifuged  for  ?C  minutes  at  5000  r.r.m.,  the  liquid  is  decanted,  and 
the  residue  is  shaken  in  physiological  solution,  ihe  turbidity  of  the 
bacterial  suspension  is  ^et  at  a  constant  value  with  the  aid  of  a 
nephelometer,  after  which,  a  control  bacteri oscopy  ir  carried  out. 

In  order  to  construct  a  standard  curve,  5  ml.  of  glycine-free 
synthetic  medium  are  measured  into  each  of  tea  test  tubes.  A  standard 
solution  is  prepared  consisting  of  2  mg,  pereen£  (accurate lyl)  of  glycine 
which  had  been  previously  dried  in  vacuum  at  30°  and  keot  in  a  vacuum 
desiccator  with  calcium  chloride.  Continuously  increading  amounts 
(0.5  to  9  ml.)  of  this  standard  solution  are  measured  Into  each  of  the 
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ter  test  tubes  containing  the  synthetic  medium.  The  final  volume  of  the 
contents  in  each  test  tube  is  diluted  with  water  to  10  ml.  an-1  all  th 
te-t  tube"  are  lent  tr  autoclave  for  30  minutes  under  a  pressure  of 
1  atmosphere,  after  which,  each  test  tube  is  inoculated  with  the  daily 
culture  of  Leuconortoc  mesente  roides  P*60  (previously  adapted  to  the 
synthetic  medium)  and  incubated  in  a  thermostat  for  72  hours  at  37° 

After  this  time  interval,  the  intensity  of  the  growth  reaction  of 
the  microbe  i •  determined  tv  titrating  the  lactic  acid  ir  each  test  tube 
with  0.0t:  N  cauat.ic  soda. 

On  the  basis  of  the  titration  results,  a  standard  curve  is  constructed 
shovir>'  the  amount  of  lactic  acid  formed  as  a  function  of  the  concentration 
of  the  determinable  glycine. 

At  the  same  tine,  a  duantatati ve  determination  is  made  of  thp 
glvcinp  in  the  te^t  albumin.  For  +  his  purpose,  different  amounts  (in  ml.) 
o'*  the  diluted  albumin  hydrolysate  are  measured  into  test  tubes  contain1 rg 
a  sv~tbet1c  medium  o'*  the  same  preparation  a"d  water  i«  added  to  a 
■volume  or  lb  ml  r  thi «  is  followed  bv  i -ocala ‘ i on  of  the  culture,  incubation 
in  *  thermostat,  and  titration  w't.b  O.Oe  N  caustic  soda  (as  prescribed 
for  sta-darJ  solutions'.  The  glycine  content  is  calculated  from  the 
si a-dard  curve  (taV"-c  i-to  account  the  depree  of  dilution  of  albumin 
v vdnolvsate). 

Or  the  basis  of  the  above,  it  is  possible  to  state  th;t  Practically 
every  microbiological  method  consists  of  the  following  stares:  (1) 
preparation  of  laboratory  ware  and  apparatus,  (?)  preparation  of  the 
media  and  the  culture  of  a  definite  microbe,  (3)  preparation  of  standard 
solutions  of  the  test  sample,  (U)  sterilization  (autoclaving),  (•?) 
performance  of  actual  expe-iment,  (6)  iroculation  of  the  culture  and 
incubation  in  a  thermostat,  and  (7)  recording  the  measurements,  in 
particular,  mra-u-e^enta  of  the  intensity  of  growth  of  the  microbe 
(turbidity,  .v'-lty,  weight). 

Preparation  of  Laboratory  Ware 

The  need  of  thoroughly  washed,  and  sterilized  laboratory  ware  for 
microbiological  determinations  need  hardly  be  demonstrated.  This  can  be 
mo*t  simply  accomplished  by  washing  the  test  tubes  with  water  and  th*n 
immersing  in  a  bichromate  solution  (10b0  gm  of  cineantrated  sulfuric 
acid  is  carefully  added,  while  stirring,  to  lOOgm  or  hot  *>0  percent 
sodium  bichromate  solution),  leavinp  overnight  in  a  ste'm  bath, 
draining  the  llnuid,  removing  traces  of  the  Houid  by  repeated  washing 
with  tap  water  hbd  then  with  distilled  water,  immersir^  the  test  tubes 
in  a  glass  ves-el  with  distilled  water,  lover’ nr  the  ves-el,  and 
antocliv'ng  for  ?P  minutes. 

Preparation  of  Pedi  a 

The  success  of  the  m< crobiologi ■ nl  method  depends  greatly  or  the 
thorough  preparation  o'*  the  svnthetic  media  which  must  eortair  all  the 
aminoacids, 
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vitamins,  nurina  and  pyrimidine  derivatives,  and  also 
carbohydrates,  mineral  salts,  and  water  necessary  for  the  normal  growth 
of  the  microbe.  As  is  well  known,  the  principle  of  the  microbiological 
method  is  based  on  the  exclusion  from  the  synthetic  medium,  in  which  the 
microbes  grow,  of  that  component  whiah  is  determined  quantitatively  from 
the  intensity  of  growth  of  the  microbes.  The  latter  should  be  rfoporti oral 
to  the  concentration  of  the  given  component  (this  must  first  be  determined 
thoroughly). 

The  eubstances  necessary  for  the  normal  growth,  development,  and 
bacterial  multi pH catior,  in  very  small  amounts  besides,  are  customarily 
called  growth  Tibstances  or  factors  of  growth.  This  term  is  usually 
applied  to  vitamins,  specific  amicoacids,  and  jgirjne  and  pyrimidine 
derivatives.  However,  as  it  correctly  pointed  mat  by  Meysel  (l^SO), 
there  are  no  special  growth  substances.  The  growth  of  cello  and  or  the 
organism  is  the  summary  result  or  the  mo~t  diverse  processes,  th 
disturbance  of  which  can  be  brought  about  by  the  exclusion  or  anv  link 
from  the’r  chain  and  not  duct  o  vitamins  or  irreplaceable  amiroacids. 

Thus,  bv  making  a  q  uantitat.ive  determination  o'-  any  component  of  the 
synthetic  medium,  we  are  Pursuit"  strictly  practical  analytical  ends, 
wl  thout  predetermining  t.he  ’'hvsloloelctl  s  :  gpl  *“1  "-i^ce  of  the  riven 
component, 

VV  v1«h  to  ’~ote,  ho-e*s»r,  th  ;♦  t> .  mic  roMolorl  cal  method s  ha«e 
urdouMtedlr  preceded  their  Imnortarm  as  purely  technical  procedures, 
s  -ce  the  work  -f  preparin'*  the  nypthetic  media,  In  correction  with  the 
development  of  these  methods, leads  to  ar  accumulation  or  facts  which  are 
instrumental  ia  reveal!  rg  the  rature  or  the  exchange  processes  o'”  the 
sube farces. 

It  follows  from  the  above  that  diverse  and  ,  besides,  specially  pure 
reagents,  are  necessary  for  th<  preparation  of  synthetic  media.  As  an 
example,  we  will  cite  the  composition  of  media  employed  in  different 
methods  for  determining  amlnoaclds  (Hum,  19b9). 

The  given  table  is  a  graphic  example  of  the  complex  composition  of 
synthetic  media  which  contain  up  to  50  different  components. 

Within  recent  years,  Anglo-American  investigators  have  proposed 
various  modifications  of  the  methods;  these  have  freouently  been 
dictated  only  by  possession  of  snecial  reagents  and  by  desire 
to  suggest  their  "own"  modifications.  Tr  rarticulsr,  the  method  of 
the  American  investigators  Cardiral  an~  Hedrick  (19b8),  as  shown  in 
the  table,  inspires  little  confidence.  The  basis  of  their  procosed 
modification  is  the  work  by  Shankwar  (19b?);  however,  this  pao«r  has 
no  data  that  folic  acid  is  also  a  constituent  or  the  synthetic  medium.  Or 
the  othe-  han^,  Cardinal  ar-  Hedrick  (19b8)  indicate  that  they  increased 
tenfold  the  concentration  of  the  folic  acid. 

T>  the  light  or  th®  a*-ove,  the  rruitful  efforts  -Of  Soviet  biochemists 
♦o’-ar-  selecting  means  for  •Imn’ifyi'g  the  microbiological  methods  are  of 
snecial  Interest.  Some  Soviet  author?  utilized  pepton  treated  with 
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hydroper  peroxide  as  a  source  of  aminoacids.  As  a  result  of  such  treatmen* , 
it  is  necessary  to  add  to  the  medio*  onlgr  tryptophane,  tyrosine, 
methionine,  und  cystine,  since  all  the  remaining  aminoa''ids  are  thereby 
retained.  The  authors  have  u-ed  with  success  Russian-produced  pepton 
for  an  equivalent  medium  (ir  determining  tryptophane,  this  amiroaeid  is, 
of  course,  excluded  from  the  nrdium). 

Formulations  for  media  (see,  for  example,  Snell,  1 9l» ft )  used  in 
microbiological  methods  for  the  determination  of  vitamins  are  ordinarily 
also  quite  complex  and  require  scarce  reagents,  even  when  these  media  -*re 
semi synthetic  ant  prepared,  for  example,  with  casein  hydrolysate 
separated  from  vitam1  ns. 

In  this  resnect,  the  microbiological  method  of  dete  miring  folic 
acid,  as  proposed  by  Fershin  and  Shcherbakova  (1951),  is  of  interest. 

These  authors  were  sie'essful  in  rreparirr  a  simple  "eriium  having  as 
it*  base  salts,  glucose, >rd  fermentation  products  of  casir.  Folic 
acid  v"  removed  from+.hi*  by  repeated  adsorption  with  charcoal  at  a 
pH  of  in  thi*  process,  nicotinic  and  parthotenci  acids  are  lo«t  and 
must,  he  added  t"  the  ">ed1um,  whereas,  the  addition  of  other  vitamin?  ir 
rot.  recer-arv.  Person  ana  Scherbakova  prepared  spheral  weh  media 
wtveh  cave  analogous  result*  1  -  th  dete "*mi  ration  of  ollc  acid  ir  svpthetie 
prenaratJors,  The  authors  point  out.  correctlv  that  th*  use  o'  this 
method  for  th  ^etsrmi  ration  o'"  folic  ad*  In  biolodcal  materials  requires 
special  study. 

The  rompo-i tiors  or  some  synthetic  laedia  proposed  mo  t  recerl.ly  for 
microbiological  methods  are  given  in  a  paper  by  the  author  (1951). 

As  pointed  out  above,  media  of  comparatively  simrle  composition  are 
used  for  th  determiration  of  folic  acid  with  the  aid  of  reurospora  or 
yeast  fungi.  Recently,  Odintsova,  Meysel,  and  fluseva  (1951)  have  made  a 
critical  evaluation  of  the  methods  proposed  by  foreign  authors  for  the 
determination  of  vitamin  Bj.  by  utilising  its  cocarboxylaae  action  during  the 
cleavage  or  pyroracemic  acid  or  o'*  the  fermentative  reaction  of  the 
microorgani «vns  or.  vitamin  Bj  (see  also  Odintsova,  19U9).  These  Soviet  inves¬ 
tigators  have  prone  ed  a  method  of  determining  vitamin  Bl,  vitamine  thiarole, 
and  cocarboxylase  by  utilising  the  fermentative  method  with  the  culture 
Endomyces  marnusii  in  a  sugar-phosphate  medium  of  rather  simple  composition. 
The  starting  material  can  be  any  commercial  sugar  powde-',  treated  with 
activated  charcoal  and  added  to  thr  avarmireral  mediu-,  to  which  0.1  percent 
yeast  extract  i*  also  added  as  a  source  of  vitamin  Bl  and  biotin.  1k»e 
sensitivity  of  thi ~  method  waa.  noted  by  Smirnov  and  Dykman  f 19U°)  who 
used  it  for  the  determination  of  the  content  of  thiamine  ir  the  rervous 
system  of  carr  fish, 

further  investigations  bv  Soviet  scientists  will  undoubtedly  lead  to 
a  stil1  further  simp! i fleet 'or  or  the  eompo"1tinn  or  synthetic  me-Ma;  this 
will  be  a  considerable  stimulus  for  the  wide  adaptation  of  microbiolo<’i''al 
methods  ir  biochemical  i event i rati  ops, 

Microbiological  methods,  which  permit  the  use  of  smaller  amounts  of 
th-  svrt.hstic  medim  an''  or  respects,  in  gereral,  have  been  under  development 
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within  r'i'ert.  times.  A  description  of  such  "micromet.hods"  is  river  in  our 
paper  (Asatiari,  1991). 

Preparation  of  the  Sample  and  of  thn  standard  Solutions 

Thr  preparation  of  the  material  for  analysis  ir  dependent  or  the  type 
of  compound  subject  to  Quantitative  analysis, 

Tn  preparin'-  the  material  by  the  method  or  enzymatic  hydrolysis,  it 
ir  necessary  to  take  into  'account  the  content  of  1-tryntonhane  in  the 
err.vme  rrepnrstl onp.  For  this  purpose,  a  simultaneous  cortrol  experiment 
i ~  carried  out  under  identical  conditions  by  subjecting  the  enzyme 
nreparatl ons  to  hytirolysi %  The  content  of  1 -tryptophane  in  the  protein 
hyrrolysat.e  ir  calculated  by  'uibtractirg  from  the  content  of  1-tryptonhane 
determined  in  the  main  experiment  the  content  of  this  amlroacid  in  the 
ensvTty*  preparation.* 

flahipvitch  and  other  (19liP),  considerirr  th -♦  the  enzyme 
hydrolysate  o'  casln  car  contain e  ubsta^ces  which  will  affect 
the  crovrth  reaction  or  the  microbes,  recommended  that  these  be 
remove  1  by  t.worol^  treatmprt  of  the  hydrolysate  with  char:  tl 
9er  also  Pershir  a>-~  Shcherbakova  ( 1  ) . 

Although  the  enzvmatlo  hydrolysis  is  the  natural  ard  least  harmful 
method  of  preparinr  nrotelr  for  the  detanmi rati  or  or  its  aminoacid 
composition,  still,  as  Marda*hev  (19$C)  points  out.,  the  products  of  such 
hydrolysis  can  contair  peptides  and  the  action  of  these  on  the  microbes 
car  alter  th"  result*  of  determination.  Tills  is  confirmed  by  T\mr 
and  McClure  (1990'  whomudled  the  mirth  reaction  of  lartobacilli  in 
the  products  of  the  parti il  hydrolysis  of  proteins  and  also  by  Klungsoyr 
and  others  (1991). 

The  preparation  of  tissues  and  blood  for  the  determination  of  free 
aminoacids  anw  of  the  total  amour t  of  aminoacid  by  the  microbiological 
method  is  described  below. 

Th"  animal  is  killed  and  the  tissue  ir  immediately  removed,  wrapped 
in  filter  parer, and  th  n  placed  in  a  thermos  bottle  cortairing  dry  ice 
(solid  carbon  dioxide).  The  frozen  tissue  is  welched,  triturated  with  a 
cooled  pestle  in  a  aortar  (into  which  pieces  of  dry  ice  are  thrown)  to 
the  consistency  of  coarse  sard,  and  transferred,  together  with  the  dry 
ice,  irto  a  glass  which  is  heated  or  a  water  bath  to  remove  the  greater 
oortior  of  the  carbon  dioxide. 

The  proper  amourt  of  0.013  N  acetic  acid  (10  ml,  per  em.  of  tissue 
of  liver,  kidney,  ar  spleen  and  9  ml.  per  gm.  of  heart  or  skeletal  muscle) 
is  added  to  the  glas-  and  the  mixture  is  rapidly  heated  and  boiled  for  li 
minutes  with  constant  stirring. 

fhep  follows  hom^peni zati or  for  10  minutes  in  a  faring  blender,  after 
which  the  suspension  is  again  boiled  for  b  minutes,  then  it  is  diluted  to 
the  proper  volume  ar^  filtered. 
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Ore  volu*a  of  0.6  N  sulfuric  acid  is  added  to  ter  volumes  of  the 
filtrate  and  a  sufficient  amount  of  10  percent  sodium  tungstate  solution 
for  the  complete  preeinltatlcn  of  the  proteins.  Ordinarily,  1  ml,  of 
this  solution  is  sufficient  for  an  amount  of  tissue  extract,  corresponding 
to  the  following  amounts  of  tissue  samples:  skeletal  muscle  7.c  mg., 
live*'  5  pm.,  Vldnev  ?  pm.,  heart  muscle  1pm.,  and  spleen  O.P  pm.  A 
small  excess  of  tupstie  acid  does  not  irte-fere  with  the  subsequent 
microbiological  determination. 

After  a  1<  minute  rest,  the  solution  is  filtered  ard  caustic  soda 
solution  is  ad^ed  to  filtrate  to  -  lve  a  pH  of  7. 

kor  microbiological  dete-minationsj  solutions  of  different 
concentrations  are  prepared  (60  mp.  ar  muecle  tissue,  21}  me.  of  liver 
ti°ue,  ard  i^  mp.  of  kidney  or  spleen  tissue  oer  ml,).  The  samples 
are  kept  in  a  refrigerator  u^der  toluene  prior  to  aralvsls. 

Ir  order  to  determine  the  total  amount  of  non-proteir  free  aminoacid 
of  the  test  tissue*,  lml.  o1'  concentrated  hydrochloric  acid  is  added  to  20 
ml.  the  concentrated  tungstate  filtrate  o'  the  tissue  and  th*  mixture 
is  ther  autoclaved  for  h  hour'-  at  170°.  At  th^  end  of  the  autorlsvir-, 
the  pH  of  the  solution  is  adjusted  at  7  and  the  solution  is  diluted  to  a 
definite  concentration  for  thc  microbiological  determination.** 

♦This  includes  the  total  content  of  the  giver  ariroaeid  in 
the  hydrolysate  or  the  rrotein  free  filtrate,  including  also  the 
"free"  form  of  aminoaci  ■  which  is  subject  to  microbiolopical 
determination  -rior  to  hydrolysis. 

**It  ir  necessary  to  ooint  out  that,  in  autoclavim,  partial 
decomposition  (or  racemization)  or  some  amirnacids  1  always 
possible.  The  extert  of  th  resulting  error  is  ipnored  by 
Americar  authors, 

Tr  order  to  detensl'e  the  aminoacid  composition  of  the  entire  tissue 
after  hydrolysis,  the  exact  sa-rde  (1-2  m.)  is  palaced  In  a  plsso  and 
hvdrolyzed  bv  autoclaving  with  20  ml.  of  6  K  hvdroclorlc  acid  for  lb 
hour*  at  120°.  Ths  sample  is  ther  adjusted  at  ?  pH  of  1  and  diluted  to  a 
concentration  or  about  O,1?  mr  of  tissue  oer  ml.  The  determinatl on  of 
individual  aminoacids  is  made  by  the  microbioloci  cal  method. 

The  determination  of  free  arincacida  *v  blood  erythrocyte#  is 
carried  out  ir  the  following  marner.  The  vo ! n-  *  o"  plasma  and  erythrocyte 
ir  the  henarinized  blood  is  determine'  first, .h  n  thc  nlasma  is 
separated  and  a  protein-free  turpetat*  filtrate  is  -reocred  from  it  in  the 

usual  manner. 

As  repards  thc  erythrocytes,  th®  upper  laye  •  i-  first  removed  by 
suction  from  thr  residue  of  plasma  end  leukocytes,  ther  1  Vol»e  of  the 
ervthrocvtes  (^amrle  of  erythrocytes  is  weighed  and  the  weirKt  is 
multiplied  by  1.09?  to  corvert  It  to  a  volume  basis)  is  hemolyzed  by  the 
addition  of  l*  volumes  f  water,  after  which  it  is  allowed  to  stand  for 
20  minutes. 
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While  shaking  the  hemolvzed  mi  ture  energetically,  1.5ii  volumes 
of  10  noreant  of  sodim  tungstate  solution  and  1.65  volumes  of  0.66?  N 
sulfuric  acid  are  rapidly  added.  The  pracinitate  is  filtered  off  and  the 
transparent  filtrate  (which  should  be  free  o  tungstate  and  proteins)  is 
neutralised  and  thickened  by  boiling  down  to  half  its  volume.  The  plasma 
an'-1  the  ervthrocrtes  (filtrates)  are  kept  frozen  under  toluene  prior  to 
analysis.  Ordinarily,  1  ml. of  the  filtrate  of  ervthrocytes  corresponds 
to  0,?5  ml.  of  erythrocytes  and  1  ml,  of  the  filtrate  of  the  plastsa  to 
O.?"*  ml.  of  plasma. 

The  rW,e -mi  nation  of  the  individual  aminoacids  in  these  filtrates  is 
accomplished  with  the  aid  or  microbiological  methods  (Johnson  and  BergelM, 
Wl). 

A  sirilar  method  for  th>~-  nreparation  of  tissues  for  microbiolorical 
determi ratior  fo  free  aminoacids  is  used  also  by  Shurr  and  other  (1950) 
who  performed  the  analysis  with  a  tungstate,  nroteir-free  seciment  of 
tissue  homopenate. 

As  rerards  urine,  th«  microbiolorical  detenrirat-ion  of  aminoacid' 
therein  is  usual lv  made  by  acid  hydrolysis  (Duaujard  others,  191*9;  Camien 
and  Durr,  19501. 

As  reparri  vitamins,  almost  all  the  microbiological  methods  of  their 
determination  are  utilized  only  after  the  riven  vitamin  has  been  liberated 
fro*  its  "ceablnsd"  form  which  ordinarily  makes  it  unavailable  to  the 
action  of  the  mi croorparism.  It  should  be  borne  in  mind  that  in  different 
tissues  the  riven  vitxmin  car  be  present  in  differently  combined  forms  and 
that,  or  the  other  hand,  some  microbes  have  the  capacity  to  utilize  also 
the  combined  form  of  the  vitamin  (Meyael ,  1950). 

Tt  follows  from  this  that  the  choice  of  the  method  of  extracting  the 
vitamirs*  depends  on  the  type  of  microbe  in  the  tissue  to  be  analyzed. 

«T«scriction  of  *1  crobiolopical  Methods  of  Determining  Vitamins 

(Asatiani,  19b9,  1951) 

The  followinp  methods  of  preparinr  material  for  the  determination  of 
vitamins  are  the  most  widelv  used  (Snell,  19b8). 

por  the  determination  of  biotin,  hydrolysis  b  autoclaving  at  120°C  and 
with  ''  N  sulfuric  acid  for  1-?  hours  are  usually  employed.  More  prolonged 
heat! nr  can  result  ir  partial  decomposition  of  the  biotin. 

For  the  determination  cf  choline,  the  material  is  prepared  by 
aut.oelavinp  with  10  ml,  of  3  N  sulfuric  or  hydrochloric  acid  per  lOOmg,  of 
dry,  triturated  material. 

wor  the  determi rat; on  of  folic  acid,  the  sample  is  thoroughly 
triturated  with  wate-,  cooled,  and  subjected  to  fermentative  hydrolysis  at 
a  pH  of  li . 5  for  16  hours  at  1*5°.  The  ferment  preparation  is  obtained  from 
the  kidneys  o  oigs  or  from  the  pancreas  of  chicks.  For  the  de terminal  or 
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of  inosite,  the  sample  is  hydrolyzed  by  boiling  with  a  reflttx  condenser  in 
the  presence  of  an  excess  of  18  oercent  hydrochloric  acid  for  a  period  of 
6  honrr,  after  which  the  hydrochloric  acid  is  distilled  off  in  vacuum, 
while  the  residue  i~.  dissolved  in  water  and  adjusted  at  the  proper  pH. 

For  thr  determination  of  nicotiric  acid,  the  thoroughly  triturated 
fiample  is  shaken  with  a  sufficient  amount  of  N  sulfuric  acid  to  rive  a 
concentration  of  1  microgram.  of  nicotinic  acid  per  ml.  of  mixture,  which 
is  autoclaved  (pressure  of  1  atm.)  for  15  minuter,  then  cooled,  and  neut¬ 
ralised  with  caustic  soda. 

Panthotenlc  acid  is  determined  after  prior  autoclavirr  of  the  sa-nlc, 
triturated  with  water  to  a  corcertration  of  about  6-20  mierbrram  percent 
(pH  of  about  7),  for  1^  minutes  (prescure  of  1  atmosphere);  after  coolirr, 
is  first  subjected  to  fermentative  hydrolysis*  and  filtered.  The 
determination  is  carried  out  with  a  transparent  filtrate. 

In  order  toefetermine  riboflavin,  th'  thoroughly  triturated  sample  is 
shaken  with  a  tenfold  amount  (by  weight)  of  0.1  N  hydrochloric  acid, 
autoclaved  for  15-20  minute*  (pressure  of  1  atmosphere),  cooled,  pH  adjusted 
at  U.5  by  addition  of  2.5  ml.  of  sodium  acetate  solution,  and  filtered  (it 
is  possible  to  make  the  determination  also  after  fermentative  hydrolysis. 

For  the  determination  of  thiamine,  the  thoroughly  triturated  sample 
is  shaken  with  a  15-fold  amount  (by  weight)  of  0.1  N  sulfuric  acid,  heated 
for  30  minutes  on  a  water  bath  (taking  care  rot  to  allow  the  pH  to  rise 
above  1.5),  cooled,  and  adjusted  at  3  pH  of  by  the  addition  of  sodium 

acetate  solution;  after  this  fermentative  hydrolysis  is  carried  out  by 
addin  1  ml.  op  10  percent  takadiastase  solutior  or  klarase  for  every  10 
micrograms  os  thiamine  and  incubation  is  accomplished  in  3  hours  at 
U5-50°  or  overnight  (under  toluene)  at  37°. 

The  determination  of  vitamin  B^,  is  performed  with  the  suspension  of 
the  sample  containing  2  micrograms  of  vitamin  in  1&0  ml.  of  0,0^5  N 
hydrochloric  acid.  The  mixture  is  autoclsved  for  5  hours  (pressure  of  1 
atmosphere)  cooled,  and  adjusted  at  the  proper  pH. 

♦Instead  of  the  ferment  preparation  "nflflase  P",  recommenced 
for  this  purpose,  it  is  permissible  to  use  the  preparations 
takadiastase  (10  percent  solution),  klarase,  or  other  similar 
ferments  (oH  o-'  about  lj,5,  incubatior  for  12 -?U  hours  at  l»5-50°). 

In  general,  the  preparation  of  material  with  thp  aid  of 
fermentative  hydrolysis,  i.e.,  the  most  natural  method,  should 
toe  given  preference  in  tho-^e  instances  in  which  there  is  certainty 
of  conditions  which  assure  complete  hydrolysis  ano  exclusion  of 
substances  that  may  exert  an  influence  op  the  intensity  of 
the  growth  of  the  microbe. and,  thereby,  on  the  accuracy  of  the 
determination. 

The  preparation  of  standard  solutions  for  th*’  "onstruction  of  a 
standard  cur'^  and  the  collection  of » vperimental  data  for  the  curve 
constitute  a  critical  factor,  upon  which  tlr  acceptability  and  accorancy  of 
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t.he  method  depend,  The  whole  experiment  for  the  establishment  of  the 
responsive  growth  reaction  o'  the  m'crebe  is  cirried  out  bv  addin?  different 
amounts  o'"  this  eomnound  (in  the  form  of  standard  solutions  if  different 
concentrations)  to  the  equivalent  sythetic  medium  from  which  the  test 
compound  1-  excluded.  The  various  standard  solutions  are  treated  the  same 
as  the  test  samples.  The  amounts  (usually  in  micrograms)  of  the  substance 
to  be  determined  (vnl noacid,  vitamin)  are  plotted  at  the  bottow,  along  the 
abscissa  of  a  system  of  axes,  while  the  amounts  (in  ml.)  of  alkali  used  in 
the  titration  are  plotted  from  the  left,  along  the  ordinate  Points  are 
marked  at  the  intersections  of  the  lines  extending  upward  (frcia  the  number 
denoting  the  content  of  the  substance)  and  horisontally  (from  the  number 
indicating  the  amount  of  alkaline  solution  used).  A  curve  is  then  passed 
through  these  points,  ioinirp  the  points  with  straight  lines.  In  a  "good" 
standard  curve,  all  the  points  lie  An  the  same  straight  line. (within  certain 
limits). 

Tr  a  similar  manner,  a  standard  curve  can  also  be  constructed  from  the 
results  of  turbidometrie  or  gravimetric  analysis. 

hnfirtunatelv  (sirce  time  ard  materials  are  required),  the  standard 
curve  is  usuallv  not  prepared  "once  and  forever,"  but  for  each  individual 
experiment,  narallel  with  basic  determination.  The  cause  of  this  lies 
1r  the  difficulties  irvolved  ir  keening  track  o?  all  the  factors  which 
can  affect  t.he  results  of  the  determination,  i.e.,  the  intensity  of 
development  of  the  microbe.  In  this  respect,  considerable  interest  was 
aroused  by  the  attempts  o"  our  own  investigators  (Mardashev,  1950)  to 
develon  conditions  (use  of  a  medium  of  the  same  preparation  and  retained 
under  ster11°  conditions)  whinh  would  permit  the  use  of  t.he  same  standard 
curve  for  a  whol°  series  of  experiments. 

Fterilizatior 


Autoclaving  can,  undoubtedly,  bring  about  chemical  changes  in  the 
composition  of  the  mediae*.  It  is  irteresting  to  rote  that  some  lactobacilli 
grow  poorly  in  non-autocl aved  media.  The  cause  of  this  phenomenon  is  still 
not  clear,  although,  as  pointed  out  by  Snell  (19U8)  ir  the  case  of 
Streptococcus  faecalis,  it  is  the  reducing  substances  which  can  be 
replaced  with  cysteine.  Thi^  problem  was  defined  more  ac  urate ly  by 
Schweigert  and  others  (1950)  who  showed  that  the  growth  reaction  of 
Lactobacillus  leichmanrii  in  pltathoim.e  is  greater  than  in  cystine  or 
cysteine,  if  these  substances  are  contained  in  the  feeding  medium  prior  to 
sterili zati or,  and  alike,  if  they  are  irtroduced  into  the  feeding  medium 
after  sterilization.  Tr  other  substances  (Streptococcus  salivarius),  the 
growth  of  the  microbe  takes  place  after  th  additior  of  acdtic  aldehyde  to 
th  ron-autoclaved  menium.  Usually,  the  carbohydrate  component  of  the 
medium  decomposes  during  the  autoclaving,  eepecially  in  the  case  of  a 
neutral  on  alkaline  reaction  and  in  the  the  presence  of  phocohat  s  and  oxygen. 
Autoclaving  at.  a  hiph  temperature  can-  produce  a  reaction  of  ttv  glucose 
with  the  amiroacids  ir  the  medium.  As  regards  cystine,  such  a  reaction 
(accompanied  by  destruction  or  the  cystine)  was  observed  everdbring 
moderate  autoclaving, 

Pyridoxine,  ouridoxal,  thiamine _  and  vitamin  B\2  can  undergo  changes 
durinp  autoclaving  (Hendlir  and  Soars,  1951).  Finally,  a  shortcoming  of 
autoclavl*-  is  also  the  non-unformitv  of  the  results,  which  is  caused  by 


the  unlike  distribution  of  the  material  in  the  autoclave.  In  order  to 
avoid  (even  partially)  the  destructive  influence  of  autoclaving,  some 
investigators  (Camien  ard  Dunn,  19^D,  and  others)  have  air  idy  after 
sterilisation,  added  a  sterile  solution  of  plucose,  under  ascept.ic  condi¬ 
tions,  to  each  test  tube. 

In  some  lnstaness,  It  is  advantageous  to  replace  glucose  *ith 
saccharose  (Patton  and  Hill,  19li8).  However,  this  is  not  always  possible, 
inasmuch  as  certain  types  of  lacto  bacteria  do  not  use  saccharose  (Camien 
and  others  (19U?). 

The  interfering  influence  of  autoclaving  can,  to  certain  extent,  be 
com  ensated  by  the  circumstance  that  both  the  sample  and  the  standard 
solutions  are  subjected  to  autoclaving  at.  the  aaM  time.  In  som,  though 
rare,  cases,  when  a  medium  with  a  low  original  pH  and  of  relatively  simnl*" 
composition  is  used  and  the  incubation  period  is  not  prolonged  autoclaving 
cam  be  replaced  with  sterilisation  by  means  of  simple  steaminn  (100°  for 
5  minutes).  Complete  elimination  of  the  process  of  hot  sterilization  and 
autoclaving  (if  this  were  possible)  would  be  the  most  radical  solution  of 
the  problem. 

In  this  respect,  the  statement  by  Mardashev  (19^0)  that  autoclaving 
can  be  rerlaced  w  tth  cold  sterilisation  through  '■ropei*  filters  if  of 
considerable  interest,  *urt' er  sfcudv  ©•'  the  problem  will,  obviously,  show 
determinations.  This  would  have  great,  practical  gi pri ficarce. 

A  general  conditior  which  would  facilitate  the  use  of  microbiological 
methods  is  the  poe'-i  le  complete  standardisation  of  all  the  condit'onr  of 
the  experiment.  This  beinp  attained  by  using  ware  of  the  same  duality 
and  o''  the  same  dimensions  and  by  operating  alwavs  urder  the  same  conditions. 
Ir  particular,  it  is  necessary  to  create,  as  far  as  possible,  the  same 
conditions,  for  all  the  test  tubes  (these  should  be  or  the  same  size)  in 
the  autoclave  and  thermostat,  not  to  sh?>e  individual  test  tubes  selectively, 
either  rot  to  shake  at  all  or  to  shake  4ontiruously:  all  the  test  tubes. 

If  a  constart-temrerature  water  bath,  with  constantly  stirred  water,  is 
used  instead  of  a  thermostat,  it  is  necessary  to  avoid  uneven  vibration 
of  the  test  tubes  with  the  inoculated  medium;  uneven  vibration  may  result 
ir  different  inte cities  of  growth, 

Inculation  and  Tncubatior 


In  a  special  parer  dealing  with  the  factor  which  influence  the 
accuracy  of  microbiological  met  ods,  Toennies  and  Gallant  (I9bft)  state  that 
the  size  of  the  drop  of  the  bacterial  susoenslon  used  for  inocul'tior  does 
not  affect  the  results  of  the  analysis.  Experience  on  the  part  jf  Soviet 
investigators  (Mardashev,  19*, 0)  plicate  that  th  -se  conclusions  are 
groundless. 

The  number  of  microbe  cells  used  for  inoculation  can,  in  most  cases, 
affect  the  outcome  of  the  determination.  It  is  best  to  maintain  the  '•ame 
dilution  of  the  culture  and  the  same  slae  of  drops  of  the  bacterial  usoen- 
sion  (with  the  aid  of  calibrated  pipe*  platinum  eyelet)  which  is  used 
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for  inoculation,  a fte-  the  optimum  concertrati or  of  microbes  for  each 
aethod  has  first  beer  established,  of  course,  Tr  those  iratarees,  when 
this  Is  possible,  large  dilution  of  the  bacterial  suspension  makes  it  pos¬ 
sible  to  use  large  volumes  (1  al. )  for  inoculation  and,  consequently,  to 
make  more  accurate  measurements. 


The  standardisation  of  the  inoculation  conditions  is  accomplished 
more  easily,  if  the  basic  medium  is  sterilised  aepartely  before  it  is 
Disced  in  the  test  tubes  for  the  experiment.  The  medium  is  then  cooled. 
Inoculated^  and  the  inoculatedmedim  is  distributed,  under  asceptic 
conditions,  in  prepared  sterile  test  tubes  for  the  experiment.  Such  a 
procedure  was  used  successfull  with  yeast  fungi  (.Snell,  1?LP}. 

The  incubation  conditions  should  also  be  constant  and  uniform  for  all 
the  tent  tubes  in  which  the  determination  is  tc  be  made  by  the  same  method. 
For  this  nurpose,  it  in  necesesrv  to  h^ve  a  good  thermostat  or  a  thermostat 
roomj  the  temperature  variation  should  In  no  case  exceed  1  (it  is 
desirable  that  variations  be  much  less).  Snell  (l?h8)  recommends  for 
ineufcatior  the  use  of  water  baths  with  a  device  for  s+irring  the  water 
unifor-lv. 

In  instances,  the  lighting  can  affect  the  results  of  the 

dHe-mirat'or  (ir  particular,  riboflavin  and  vitamin  Bp  are  sensitive  to 
H?ht).  -this  should  be  taken  into  account,  in  order  to  provide  the  proper 
lighting  (or  to  use  ware  cf  special  glass). 

E  fectlng  the  Measurements 

In  view  of  the  considerable  laboriousnees  of  the  microbiological 
methods,  it  is  convenient  to  utilize  devices  which  facilitate  mess  work. 
Such  devices,  including  measuring  instruments  and  others,  are  described 
in  the  book  bv  Asatiani  (19^1). 

As  stated  above,  the  most  widely  used  method  of  measurement  in 
microbiological  methfcdto  is  titration  of  the  lactic  acid  with  caustic 
soda  solution  of  definite  normality.  In  warding  with  lacto  bacteria  (and 
with  certain  others),  the  amount  of  acid  formed  ir  erdinarily  of  the  order 
of  1C  ml,  of  0.1  V.  acid  per  10  ml.  of  the  aedltai  conUtttw-l  percent 
glucose.  This  amount  can  be  increased  to  1^-20  ml.  of  G.l  f?  acid  by 
doubling  the  amount  of  glucose  ir  the  medium  (it  is  necessary  to  maintain 
th»  buffer  effect  o”  the  medium  at  a  sufficiently  high  level).  Such  a 
hl»h  outDut  of  lack1c  acid  is  all  the  more  favorable,  since  it  happens 
rsrelv.  With  proner  skill,  the  measurement  of  the  intensity  of 
electrometric  titration  can  Increase  th*>  accuracy  of  the  determination. 

The  turbidometric  methods  are  used  less  widely,  but  they  can  give 
results  of  the  same  degree  of  accuracy  a?  the  aci dimetric  methods.  It 
is  only  necessary  that  the  test  samples  be  optically  "pure"  and  the 
turbidity  during  incubation  should  depend  only  on  the  growth  of  the 
microbe  and  not  on  ary  other  factors.  Tn  order  to  obtain  a  unifawi 
suspension,  the  test  tube  is  shaken  prior  to  rhotwetering,  after  which 
one  or  two  seconds  are  allowed  for  the  air  bub  les,  which  may  form  during 


the  shaking,  to  disappear  from  the  suapersion.  Readings  are  made  with  a 
photoelectric  colorimeter  (nepnelometer).  A  drawback  in  turbidimetry 
is  the  extremely  dark  coloration  of  the  test  samnlej  this  is  encountered 
rarely.  With  sufficient  skill,  the  measurement  of  the  intensity  of 
turbidity  can  be  accomplished  much  faster  than  titration  with  solution 
of  alkali. 

The  turbidometric  determination  is  used  in  methods  which  employ 
yeast  fungi}  the  voljme  of  the  CO?  formed  is  rarely  measured  ir  this 
case*  The  intensity  of  the  turbidity  is  measured  also  in  working  with 
different  (non-lactic)  bacteria.  Tn  these  instances,  especially  in 
working  witli  Neuroanora,  the  method  of  separating  the  outgrown  mycelium 
(which  is  extracted  with  a  needle  or  by  filtration),  with  subseonent 
washing,  drying,  and  weighing,  1-  also  sometinvs  employed.  This 
procedure  is,  of  course,  more  com  lex  than  titration  or  turbi dimetrr. 

Lately,  microbiological  methods  are  being  combined  with  other 
methods  in  biochemical  investigations,  As  an  example,  we  w<ish  to  point 
out  the  microbiological  method  of  determi  M -g  vitam!"  *r  accordance 
with  Wirsteo  a>-  Eigen  (19^0).  The  so-called  method  or  "bioautocraphs," 
as  developed  by  the  authors,  is  based  on  the  principle  of  the  combination 
of  chromaio graph i-  analysis  with  to.  siorobiological  method  of  determining 
vitaad  ns. 

The  essence  of  the  method  of  "M ©autographs"  i?  as  follows,  A  drop  of 
the  solution  containing  the  growth  factors  to  be  determine^  is  investigated 
by  tR#  method  of  paper  chromatography.  The  paper  chromatogram  is  placed 
pn  the  surface  of  the  agar  feeding  medium  which  has  been  inoculated  with 
the  proper  bacterial  culture  (the  authors  used  Lactobacillus  lolchmannii  31J») 

The  agar  medium  should  contain  all  the  factors  necessary  for  the  grwth  of 
th e.  test  microbe,  with  the  exception  of  the  test  component. 

After  the  removal  of  the  paper  strips  and  incubation  in  a  thermos  tat 
at  37°,  sones  of  the  growth  of  the  microve  are  formed  in  different 
sections  of  the  location  of  the  paper  chromatograms.  The  position  of  the 
different  growth  factors  under  these  conditions  depends  on  the  palue  of 
their  Rf  for  the  system  of  solvents*  which  was  used  for  the  development 
of  the  chromatogram.  From  this  position,  it  is  possible  to  characterize 
and  identify  the  diffeAnt  *‘<lrtors  present  in  the  test  sample. 

<ftf  is  the  coefficient  of  the  rate  of  movemert  or  the 

separable  substances  or  the  paper  chromatogram. 

At  present,  Soviet  investigators  are  successfully  a8irp 
biochemical  lnvestigati ons  bacterial  decarboxylases  (Mardashev,  19U9) 
in  combination  with  rhromat.ographln  methods  (Mardachav  and  Semina,  19li°). 

There  is  less  information  a  ailable  regarding  the  use  of  microbiological 
methods  in  combinat1on  with  the  method  of  tracer  atoms.  The  application 
o'"  this  1"  microbiolbgv  if  described  in  the  review  paner  by  Konikova  and  Kritsmar 

(1951). 

The  usual  accuracy  of  microbiological  methods  is  1  iq  percent. 


However,  by  ovaerrinp  *11  the  condition?  thoroughly,  it  is  possible  to 
imnrovc  this  accuracy  considerably. 

The  ranme  of  apnlicat.' on  of  *1  erobiolopicsl  methods  In  biochemical 
1  event lest Ions  is  continuously  exoandinp.  It  is  sufficient  to  point  out 
that.,  In  addition  to  amlnoaeids  and  water-soluble  Tit, amirs,  mlcrobiolorical 
methods  are  used  for  the  deterioration  of  pyrimidine  bases  (Merrifield  and 
runm,  lo<i»> ,  antibiotics  (Saper  and  Arrlponi,  19^0),  fat-solubte  vitamins 
bn  «rJ  P,  ChMiceV,  10<o),  sulfur  (McManus  and  others,  19*50  ),  and  various 
other  ^ostances.^ 

4s  already  ooirted  out  above,  the  suitability  of  "  microbiolopical 
method  is  determined  by  the  followinp  maansi 

(1)  a-reeim  "t  between  results  o'*  seyrral  determinate  one  of  the  test 
substoree  (added  to  the  test  sample); 

(?)  agreement  between  results  of  the  determination  of  the  same 
rubstaree  with  the  aid  of  mi croorpanisms ; 

(3)  apreemert  between  results  of  the  determination  by  microbiolopical 
an'  otner  method?  (chemical  etc); 

Oi)  aereement  (after  proper  conversion)  between  results  of  the 
dete-minat.ior  of  different  concentrations  of  th-  same  substance. 

(*5 )  stability  (reproducibility)  of  results  with  the  same  method. 

This  summarv  pives  the  basic  criteria  of  the  suitability  of 
microbiolopical  methods,  which,  while  constantly  beinp  improved  by  fovlet 
investigators,  will  undoubtedly  find  th?  wiriest  application  in  biochemical 
irvesti cations. 
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